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SUMMARY 

The  objective  of  this  program  was  to  investigate  the  static 
and  dynamic  mechanical  properties  of  epoxy  resin  bonded  S-glass 
fibers  over  a  temperature  range  of  -65°F  to  160 °F.  Included  in 
the  program  were  the  effects  of  material  degradation  from  sim¬ 
ulated  environmental  exposures  to  humidity,  temperature,  arti¬ 
ficial  sun,  and  rain  at  periods  of  300  hours  and  30  days.  Other 
conditioning  effects  were  comprised  of  flexural  sandwich  beams 
that  were  exposed  to  actual  climatic  conditions  encountered  in 
the  Mid-Atlantic  region  of  the  United  States  for  a  period  of 
15  months. 

Additional  investigations  included  the  effects  of  fabrication 
processing  which  employed  a  standard  cure  cycle  and  an  addi¬ 
tional  postcure  cycle  on  laminates,  sandwich  panels,  and 
structural  adhesives.  Evaluations  were  made  to  determine  the 
effects  of  the  cure  parameters  on  the  fatigue  life  and  static 
strength  of  the  materials. 

The  test  program  was  formulated  to  obtain  mechanical  properties 
from  specimens  fabricated  from  woven  and  unwoven  prepreg 
materials.  The  properties  derived  from  each  specimen  configu¬ 
ration  were  as  follows: 

o  Tensile  and  compressive  mechanical  properties  of  laminates 

o  Flexural  and  edgewise  compression  data  on  sandwich  beams 

with  aluminum  honeycomb  core  t 

o  Fatigue  characteristics  of  laminates  and  sandwich  beams 

o  Static  and  fatigue  properties  of  torsional  tubes 

o  Static  and  fatigue  properties  of  double  lap  adhesive 

joints 

The  tests  and  the  results  are  tabulated  in  appropriate  engineer¬ 
ing  formats  as  illustrated  in  the  report  appendix.  S-N  curves 
are  included  depicting  the  tensile  and  flexural  fatigue 
characteristics  of  laminates  and  weathered  and  unweathered 
sandwich  beams  for  various  conditioning  exposures. 
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INTRODUCTION 


This  research  was  conducted  under  U.S.  Army  contract 
DA  44-177-AMC-440 (T)  and  was  directed  by  Dr.  Robert  Echols, 
Physical  Sciences  Division,  U.S.  Army  Aviation  Materiel  Labora¬ 
tories  (USAAVLABS) ,  Fort  Eustis,  Virginia.  The  purpose  of  this 
research  program  was  to  obtain  necessary  engineering  informa¬ 
tion  on  the  static  and  dynamic  properties  of  aluminosilicate 
(S-glass)  fiber-reinforced  composite  materials  for  use  in  the 
design  of  advanced  helicopter  airframe  structures. 

Major  emphasis  in  the  program  was  placed  on  the  mechanical  prop¬ 
erties  of  the  aforementioned  materials  which  are  applicable 
to  the  design  of  rotary-wing  and  V/STOL  propellers.  Studies 
and  tests  of  composite  propellers  and  rotors  have  demonstrated 
the  improved  performance  characteristics  surpassing  those 
currently  being  used.  Improved  aerodynamic  effectiveness  and 
structural  integrity  have  been  noticed  illustrating  the  feasi¬ 
bility  of  utilizing  composites  as  a  primary  aircraft  structural 
material . 

In  order  to  achieve  improvements  in  the  field  of  rotary-wing  and 
V/STOL  aircraft,  further  gains  must  be  realized  in  developing 
rotor  blade  technology.  Research  and  development  must  be  ini¬ 
tiated  in  order  to  improve  rotor  efficiency.  This  effort  would 
generate  the  required  flexibility  in  tooling  and  fabrication 
processing  not  attainable  with  current  metal  manufacturing. 
Utilization  of  fiber-reinforced  structures  can  allow  design 
freedom  in  selecting  specific  performance  characteristics  asso¬ 
ciated  with  propeller  fabrication  such  as  weight,  stiffness, 
torsional  response,  and  fatigue. 
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FABRICATION  AND  TEST  RESULTS 


LAMINATE  FABRICATION 

The  prepreg  materials  XP251S,  1002S,  and  BP907-143S  were  ini¬ 
tially  dimensioned  as  shown  in  Figure  1.  The  tool  surfaces 
were  treated  with  a  release  agent  (usually  Garan  225)  and  the 
plies  laid  up  per  Figure  2.  The  4130-steel  and  aluminum 
2024-T3  tapered  doublers  were  used  for  unidirectional  and  cross- 
ply  specimens,  respectively.  The  doubler  surfaces  were  de¬ 
greased,  Vacublast  cleaned,  and  coated  with  BR1009-8  primer  and 
finally  air  dried.  The  FM-1000  adhesive  was  then  applied 
between  the  doubler  and  prepreg  surfaces.  The  caul  or  tooling 
plate  (Figures  3  and  4)  was  then  assembled  over  the  layup, 
vacuum  bagged,  and  then  cured  per  the  following  schedule  as 
shown  in  Figures  5  and  6 . 

The  test  specimen  was  cut  from  the  cured  panels  as  shown  in 
Figure  2.  Conventional  methods  were  used  in  machining  the 
specimens,  with  emphasis  on  minimum  fiber  damage  and  loss  of 
material.  To  accomplish  this  task,  carbide  cutoff  wheel  tech¬ 
niques  were  employed  followed  by  a  careful  grinding  process 
utilizing  soft  carbide  wheels  (see  Figures  7  and  8)  . 

LAMINATE  TESTING  (STATIC) 

The  purpose  of  the  laminate  tests  was  to  determine  the  tensile 
and  compressive  strengths  and  associated  moduli  of  epoxy  resin 
laminates  reinforced  with  S-glass  fibers  and  143-style  fabric. 
Measurements  of  material  degradation  were  made  on  compression 
specimens  stored  :.n  a  condensing  humidity  chamber  exposed  to 
100  percent  humidity  at  120 °F  for  30  days.  Upon  removal  from 
the  chamber,  the  specimens  were  tested  at  ambient  temperatures 
(75°F). 

The  specimens  were  tested  in  compliance  with  Federal  Test 
Method  Standard  406 »  Method  1011,  on  an  Instron  Universal  Test¬ 
ing  Machine  (Model  TTC)  at  a  crosshead  speed  of  0.05  inch  per 
minute.  An  extensometer  was  utilized  for  recording  deformations 
at  75°F  and  160°F  test  temperatures.  Special  chambers  were 
used  for  testing  specimens  at  the  -65°F  and  160°F  temperature 
range.  The  test  setup  is  illustrated  in  Figure  9. 

The  configurations  of  the  tensile  laminates  are  those  of  the 
tapered  doubler  tension-tension  type  shown  in  Figures  10,  11, 

12,  and  13.  The  materials  were  Scotchply  nonwoven  prepregs 
XP251S  and  1002S  and  woven  fabric  prepreg  BP907-143S. 
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4130 


Figure 


Figure  4.  Taper  Grip  Joint  Fabrication 


Figure  5  .  Required  Autoclave  Vacuum  Configuration 


330-350#F  S 


EDGE  GROUND 


8X 


CORE  DRILLING  SHOWING  TYPICAL 
MACHINED  SURFACES 


SURFACE  GRINDING  MACHINE  WITH 
CUTOFF  WHEEL 

Figure  8.  Surface  Grinding  Machine  and  Typical 
Machined  Suraces. 
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Figure  9 


.  Tension  Laminate  Equipment  for  Tests  at  Room 
Temperature . 
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b-s  .00  INCH  TYP-*-| 


14.0  +  0.05  INCH 


0.05  INCH  TYP 


NOTES:  1.  THICKNESS  (NOM)  =  0.043  INCH 


THICKNESS  OF  FIBER  GLASS  SHALL  BE  MEASURED  AT  FOUR 
EQUALLY  SPACED  POINTS  ALONG  THE  SPECIMEN  TEST  SECTION . 
ALL  MEASUREMENTS  WILL  BE  RECORDED  ON  SPECIAL 
SPECIMEN  MAPPING  FORM  PROVIDED.  THE  MAXIMUM  AND 
MINIMUM  THICKNESS  SHALL  NOT  VARY  BY  MORE  THAN  0.003 
INCH. 

2.  ALL  COMPOSITE  EDGES  SHALL  BE  SQUARE  AND  FREE  OF 
BURRS,  NICKS,  GOUGES,  RESIN  CRACKS,  FRAYED  FIBERS, 

AND  DELAMINATIONS. 

3.  "X"  SHALL  NOT  BE  GREATER  THAN  0.020  INCH. 


Figure  10 .  Half-Inch-Wide  Unidirectional  Tension  Laminate 
Specimen. 
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SAE  4130  DOUBLER (TYP) 
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^  ADHESIVE  FILL,  TYP 

Figure  11.  Fiber  Glass  Tensile  Specimen  Configuration. 


FIBER  ORIENTATION 


THERE  SHALL  BE  NO  DISCONTINUITY  OF  FIBER 


NOTES ; 

1.  Doublers  are  single  stage  bonded  with  FM  1000  to  the 
cure  cycle  per  Figure  6. 

2.  Test  section  is  4.00  inches. 

3.  All  dimensions  shown  are  in  inches. 

4.  Edges  to  be  parallel  to  within  .001  inch. 

5.  Tolerances:  XXX  =  +  0.002,  .X  =  +  0.03 

6.  All  composite  edges  shall  be  square  and  free  from 
burrs,  nicks,  gouges,  resin  cracks,  frayed  fibers 
and  delaminations. 


Figure  13.  Axially  Loaded  Unidirectional  Specimen. 
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The  following  equations  were  used  in  expressing  laminate 
strength  and  modulus  as  recorded  in  Tables  VII  and  VIII. 

o  =  P/A, 


E 


AP  jj. 
AY  A 


where  P  =  maximum  load,  lb 

2 

A  =  cross-sectional  area,  in. 
Lg  =  effective  gage  length,  in. 


a  =  unit  stress,  psi 

AP  _  change  in  load  per  change  in 
Ay  deflection,  lb/in. 

E  =  primary  modulus,  psi 


Reference  is  made  to  Tables  I  and  II  which  show  the  average 
laminate  strengths  and  moduli.  The  highest  strength  average 
was  recorded  at  239,000  psi  for  unidirectional  10Q2S  laminates 
tested  at  room  temperature.  The  lowest  strength  average  was 
approximately  24,000  psi  for  10Q2S  crossply  at  the  same  temp¬ 
erature.  The  BP907-143S  specimens  exhibited  average  strengths 
between  78,700  and  165,000  psi  over  the  test  temperature 
regime.  The  moduli  were  generally  consistent  and  reasonably 
valid  in  comparison  to  other  pre-established  values.  The  range 
was  1.35  x  106  psi  for  1002S  crossply  at  160°F  to  8.43  x  10® 
psi  for  XP251S  unidirectional  at  room  temperature. 

Table  III  shows  the  variable  percentages  of  resin  content  for 
room  temperature  prepreg  panels.  The  highest  tensile  strength 
recorded  was  255  x  10^  psi  for  1002S  unidirectional  at  28.8 
percent  resin  content.  The  lowest  value  was  24.03  x  10^  psi 
for  1002S  crossply  at  31.8  percent  resin  content. 

The  reported  stress  and  moduli  for  the  laminates  tested  are 
recorded  within  the  elastic  limit  of  the  material.  The  results, 
however,  are  questionable  in  this  area  because  of  frequent 
doubler  failures  for  the  unidirectional  specimens.  However, 
complete  breaks  generally  occurred  for  the  crossply  laminate  at 
all  temperatures.  The  143-style  fabric  specimens  did  have 
breaks  at  room  temperature  and  160 °F,  but  debonded  at  the 
doublers  in  the  -65°F  range. 

The  delamination  effect  of  the  unidirectional  specimens  at  all 
test  temperatures  was  a  problem.  The  failure  mode  occurred 
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TABLE  I 


LAMINATE  TENSILE  TEST  DATA  SUMMARY 


Panel 

Number 

Material 

Type 

Fiber 
Layup 
(Deg  rees) 

Test 

Temp 

(°F) 

Number 

of 

Specimens 

Average 

Tensile 

Strength 

(ksi) 

Average 
Primary 
Modulus 
(106  psi) 

L-1B 

1002S 

0 

75 

2 

261.55 

7.18 

L-2 

1002S 

0 

75 

3 

255.0 

7.59 

1002S 

0 

75 

4 

203.2 

6.69 

L-2B 

1002S 

0 

160 

3 

177.06 

6.54 

1002S 

0 

-65 

3 

77.7 

7.0 

L-3 

1002S 

+4  5 

75 

3 

24.03 

2.19 

1002S 

+  45 

75 

6 

24.08 

1.93 

L-4 

1002S 

+  45 

160 

3 

21.06 

1.35 

1002S 

+  45 

-6  5 

3 

31.43 

3.1 

XP251S 

0 

75 

4 

247.0 

7.67 

L-5B 

XP251S 

0 

160 

3 

231.9 

7.69 

XP251S 

0 

-65 

3 

62.36 

8.10 

L-6B 

XP251S 

0 

75 

3 

143.6 

8.33 

L-7 

XP251S 

+4  5 

75 

3 

25.76 

2.55 

XP251S 

+45 

75 

6 

25.48 

2.74 

L-8 

XP251S 

+  45 

160 

3 

23.96 

1.64 

XP251S 

+  45 

-65 

3 

27.06 

3.4 

L-9 

BP907/ 

143S 

0 

75 

3 

165.5 

5.31 

L-9B 

BP907/ 

143S 

0 

75 

3 

139.7 

4.50 

BP907/ 

143S 

0 

75 

3 

121.3 

4.47 

L-10B 

BP907/ 

143S 

0 

160 

3 

115.06 

3.81 

BP907/ 

143S 

0 

-65 

3 

78.70 

5.2 

L-25 

XP251S 

0 

75 

3 

209.2 

8.44 

L-25B 

XP251S 

0 

75 

2 

146.4 

8.50 

TABLE  II  .  LAMINATE  COMPRESSION  TEST  DATA  SUMMARY 


Material 

Fiber 

Layup 

(Degrees) 

Panel 

Number 

Test 
Temp 
( °F) 

Number 

of 

Specimens 

Averaqe 
Compressive 
Strength 
(10^  psi) 

L-llA 

75 

3 

89.40 

0 

75 

3 

95.38 

L-llB 

160 

3 

56.07 

-65 

3 

89.31 

1002S 

★ 

3 

75.35 

L-12A 

75 

3 

25.53 

+  45 

75 

3 

26  .90 

L-12B 

160 

3 

17.37 

-6  5 

3 

36.41 

* 

3 

21.61 

L-13A 

75 

3 

96.10 

0 

75 

3 

112.06 

L-13B 

160 

3 

75.50 

-65 

3 

113.08 

XP251S 

* 

3 

106.12 

L-14A 

75 

3 

28.98 

75 

3 

30.44 

+  45 

160 

3 

18.35 

L-14B 

-65 

3 

39.00 

* 

3 

26.54 

L-15A 

75 

3 

90.53 

75 

3 

83.74 

BP907 

0 

160 

3 

58.92 

L-15B 

-65 

3 

100.86 

* 

3 

66.20 

*  Specimens  conditioned  in  a  condensing  humidity 
(100  percent  humidity)  at  120°F  for  30  days  and 
within  30  minutes  at  ambient  temperature. 

chamber 

tested 

most  frequently  at  the  doubler  location  rather  than  the  desired 
specimen  area.  The  failure  may  be  attributed  to  suggested 
factors  such  as  the  following: 

o  Weakening  of  the  adhesive  bond  at  the  doublers  or  cohe¬ 
sive  failure. 

o  Incorrect  positioning  of  test  grips. 

o  Delamination  causing  a  curling  of  the  outer  laminate 

layers  which  resulted  in  a  cantilevering  effect  at  the 
doublers . 

o  Variation  of  thermal  expansion  between  specimen  and  metal 
doublers . 

o  Stress  concentration  factors  at  the  doubler  location. 

The  crossply  specimens  tested  at  room  temperature  generally 
experienced  a  typical  shearing  matrix  failure  in  the  fiber 
direction.  The  loading  in  shear  appeared  from  inspection  to 
be  initiated  simultaneously  at  the  unsupported  edges  and  to 
propagate  to  the  midpoint  of  the  laminate.  Typical  failures 
of  this  nature  are  exhibited  in  Figures  14  through  19.  Tables 
IV  and  V  list  the  failure  mode  observed  on  static  compression 
and  laminate  tensile  specimens.  The  examined  specimens  indi¬ 
cated  no  unusual  behavior  on  fiber  failures.  However,  the 
tensile  specimen  failure  modes  were  observed  by  the  preponder¬ 
ance  of  doubler  failures. 

The  majority  of  stress  values  for  crossply  laminates  shown  in 
Table  VII  are  breaking  strengths.  The  values  recorded  show  an 
average  distribution  of  20,000  to  25,000  psi.  The  shear  value 
for  epoxy  is  approximately  8,000  psi.  However,  the  matrix  is 
assumed  to  be  constrained  by  a  factor  of  1.5  x  8,000  psi  or 
12,000  psi.  This  value  is  approximately  the  ultimate  tensile 
strength  of  the  resin  when  fibers  do  not  offer  constraint  in 
the  axial  direction.  The  160°F  temperature  exposures  had 
apparently  very  little  effect  on  the  strength  of  crossply  lami¬ 
nates.  However,  at  lower  temperatures,  the  laminates  did  exhibit 
as  expected,  an  increase  of  strength. 

The  unidirectional  laminates  such  as  XP251S  and  1002S  generally 
experienced  the  same  failure  pattern  at  all  temperatures;  that 
is,  a  combination  of  adhesive  failure  at  the  doublers  and 
delamination.  Further  inspections  revealed  that  the  doublers 
generally  were  cantilevered  probably  due  to  an  interlaminar 
shear  load  between  the  adhesive  and  outer  layer. 

The  BP907-143S  specimens  had  debonded  at  the  doublers  in  the 
lower  temperature  regime.  However,  at  room  and  160°F  tempera¬ 
ture,  the  specimens  had  undergone  a  complete  interlaminar 
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TABLE  IV.  SUMMARY  OF  LAMINATE  COMPRESSION 
TEST  FAILURE 


Fiber 

Orientation 

(Degrees) 


Laminate 

Material 


Failure  Modes 


XP251S 

1) 

Edgewise  shear  perpendicular 
to  load  axis 

2) 

Partial  specimen  separation 

3) 

No  failure 

0 

1002S 

Same  as  XP251S,  plus 
complete  specimen  separation 

75 

BP907 

1) 

Edgewise  shear  perpendicular 
to  load  axis 

2) 

Edgewise  shear  at  45°  to 
load  axis 

3) 

Partial  specimen  separation 

4) 

Complete  specimen  separation 

5) 

No  failure 

XP251S 

Matrix  fracture  parallel  to 
fiber  direction 

+45 

1002S 

Same  as  XP251S 

BP907 

No  test 

XP251S 

1) 

Edgewise  shear  perpendicular 
to  load  axis 

2) 

Partial  specimen  separation 

0 

3) 

No  failure 

1002S 

Same  as  XP251S 

75  * 

BP907 

Complete  specimen  separation 

XP251S 

Matrix  fracture  parallel  to 
fiber  direction 

+  45 

1002S 

Same  as  XP251S 

BP907 

No  test 

*Specimens  conditioned  in  a  condensing  humidity  chamber 
(100  percent  humidity)  at  120°F  for  30  days  and  tested 
within  30  minutes  at  ambient  temperature. 


V 


2)  Double  edgewise  shear  per- 

0  pendicular  to  load  axis 

3)  Partial  specimen  separation 

BP907  1)  Double  edgewise  shear  per¬ 

pendicular  to  load  axis 
2)  Partial  specimen  separation 
160  3)  No  failure 


XP251S 

Matrix  fracture  parallel  to 
fiber  direction 

1002S 

1) 

Matrix  fracture  parallel  to 

±45 

2) 

fiber  direction 

Partial  specimen  separation 

BP907 

No  test 

XP251S 

1) 

Edgewise  shear  perpendicular 
to  load  axis 

n 

2) 

Partial  specimen  separation 

1002S 

Edgewise  shear  perpendicular 
to  load  axis 

BP9Q7 

Complete  specimen  separation 

XP251S 

Matrix  fracture  parallel  to 
fiber  direction 

+45 

1002S 

Matrix  fracture  parallel  to 

fiber  direction 

2) 

No  failure 

BP907 

No  test 
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TABLE  V  .  STATIC  LAMINATE  TENSILE 
FAILURE  SUMMARY 


Material 

Fiber 

Direction 

Temperature 

Failure 

XP251S 

Unidirectional 

*R.T. 

1)  Delamination  of  layers 

2)  Small  percentage  of 
fiber  breaks 

3)  Debonding  of  adhesive 
at  doublers 

4)  Matrix  fracturing 
parallel  to  fibers 

1002S 

Un idirect ional 

R.T. 

Same  failure  as  XP251S 

BP907- 

143S 

0°  at  Warp 

R.T. 

1)  Small  percent  of  speci¬ 
mens  debonded  at 
doublers 

2)  Clean  break  at  test 
specimen  area  wi^h  no 
evidence  of  matrix 
fracture 

XP251S 

Crossply 

R.T. 

Matrix  fracturing  at 
+45°  plane 

1002S 

Crossply 

(+45°T 

R.T. 

Same  failure  as  XP251S  - 
Crossply  at  R.T. 

XP251S 

Unidirectional 

-65°F 

Same  as  XP251S  at  R.T. 

1002S 

Unidirectional 

-65°F 

Same  as  1002S  at  R.T. 

BP907- 

143S 

0°  at  Warp 

-6  5°F 

No  failure;  debonding  of 
adhesive  at  doubler 

XP251S 

Crossply 

(+45°) 

-6  5°F 

Same  as  XP251S  at  R.T. 

1002S 

Crossply 

(+45°) 

-65°F 

Same  as  1002S  at  R.T. 

XP251S  & 
1002S 

Unidirectional 

160  °F 

Same  as  XP251S  &  1002S 
at  R.T. 

BP 907- 
143S 

0°  at  Warp 

160  °F 

Complete  break;  no  matrix 
fracture 

XP251S  & 
1002S 

Crossply 

(+45°) 

160  °F 

Same  as  XP251S  &  1002S  at 
R.T. 

*R.T.  =  Room  temperature 
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TABLE  VI.  STATIC  SANDWICH  FLEXURE 
FAILURE  SUMMARY 


Fiber 

Orientation  Facing 
(Degrees)  Material 


Failure  Modes 


XP251S 

1) 

Failure  in  compression  face 

2) 

Edgewise  shear 

3) 

Shear  failure  in  core  due  to 

wrinkling 

4) 

Adhesive  bond  failure 

0 

5) 

Interlaminar  shear  failure 

1002S 

1) 

Failure  in  compression  face 

2) 

Edgewise  shear 

3) 

Shear  failure  in  core  due  to 

wrinkling 

BP907 

1) 

Failure  in  compression  face 

2) 

Edgewise  shear 

XP251S 

No 

Failure 

1002S 

No 

Failure 

BP907 

No 

Failure 

XP251S 

BP907 

No 

Failure 

1002S 

BP907 

XP251S 


1002S 


BP907 


XP251S 


1)  Compression  face  debonding 

2)  Failure  in  compression  face 

3)  Edgewise  shear 

4)  Interlaminar  shear 

5)  Shear  failure  in  core  due 
to  wrinkling 

6)  Adhesive  bond  failure 

1)  Shear  failure  in  core  due  to 
wrinkling 

2)  Adhesive  bond  failure 

3)  Interlaminar  shear 

1)  Failure  in  compress  face 

2)  Interlaminar  shear 

3)  Edgewise  shear 

4)  Adhesive  bond  failure 


No  Failure 


1002S 


No  Failure 


BP907 

XP251S 


No  Failure 


TABLE  VI .  CONTINUED 


t  Fiber 

d  Orientation 

Facing 

)  (Degrees) 

Material 

Failure  Modes 

75**  0 


BP907 

1002S 

BP907 


XP251S 


1002S 


BP907 


XP251S 

1002S 

BP907 

XP251S 

BP907 

1002S 

BP907 


XP251S 


BP907 

XP251S 

BP907 

1002S 

BP907 


XP251S 


No  Failure 


Failure  in  compression  face 
Edgewise  shear 
Shear  failure  in  core  due 
to  wrinkling 
Adhesive  bond  failure 
Interlaminar  shear  failure 

Failure  in  compression  face  by 
debonding 

Adhesive  bond  failure 
Interlaminar  shear  failure 

Failure  in  compression  face 
Edgewise  shear 
Interlaminar  shear  failure 
Adhesive  bond  failure 


No  Failure 
No  Failure 
No  Failure 


No  Failure 


Failure  in  compression  face 
Edgewise  shear 

No  Failure 


No  Failure 


Failure  in  compression  face 
Edgewise  shear 
Shear  failure  in  core  due 
to  wrinkling 


TABLE  VI.  CONTINUED 


Test  Fiber 


Temp 

Orientation 

Facing 

( °F) 

(Degrees) 

Material 

Failure  Modes 

75** 

+  45 

BP907 

XP251S 

No  Failure 

BP907 

1002S 

BP907 

No  Failure 

*Weathered  (See  Table  XVII  for  explanation) 


**Artif icially  Weathered  (See  Table  XVII  for  explanation) 
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separation  with  no  visible  evidence  of  matrix  fracturing  The 
average  tensile  strength  of  BP907-143S  had  a  range  of  78.70  to 
165.5  x  103  psi  over  the  temperature  and  environmental  range 
tested. 

LAMINATE  TESTING (DYNAMIC ) 

Dynamic  fatigue  tests  were  performed  on  125  laminates  utilizing 
a  Sonntag  SF-1  fatigue  machine.  A  typical  test  setup  is  shown 
in  Figure  20.  The  stress  ratio  was  held  to  0.10  for  all  tests 
except  the  room  temperature  specimens  which  were  run  at  0.05. 

The  load  ranged  from  a  minimum  of  2.45+  2.00  ksi  to  a  maximum 
of  47.0  +  38.5  ksi.  All  specimens  were  tested  at  -65°F,  75°F, 
or  160°F.  The  unidirectional  specimens,  including  the  1433- 
style  fabric,  experienced  few  runouts  at  all  test  temperatures. 
The  test  data  are  dispersed  over  a  cycle  range  of  1  x  10^  to 
6  x  106  cycles.  The  crossply  laminates  consistently  failed 
because  of  amplitude  increases,  especially  in  the  160°F  tempera¬ 
ture  range.  The  failures  were  attributed  to  the  inability  of 
the  specimen  crossply  configuration  to  absorb  the  load.  Various 
load  inputs  were  tried  in  order  to  obtain  meaningful  data,  but 
failures  occurred  frequently  in  a  range  less  than  a  million 
cycles . 

The  test  summary  data  and  S-N  curves  are  shown  in  Table  XI. 

The  S-N  curves  illustrated  represent  data  from  each  test  panel 
configuration  used  in  the  program. 

Typical  failures  of  the  unidirectional  and  crossply  specimens 
were  generally  the  same  as  those  experienced  in  the  static  tests 
(see  Figures  21  and  22)  .  Failures  occurred  frequently  in  the 
doubler  area  for  unidirectional  specimens  accompanied  by  paral¬ 
lel  matrix  fiber  fractures  and  a  small  percentage  of  fiber 
breaks  (see  Figure  23).  The  crossply  failure  was  typical,  with 
matrix  fractures  and  complete  specimen  breaks  occurring  in  the 
45-degree  fiber  planes. 


I 

1 


Figure  20  .  Typical  Test  Setup  for  Tension-Tension 
Fatigue  Laminate  Specimen. 
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Figure  22.  Unidirectional  Tension-Tension  Fatigue  Laminate 
Failure,  XP251S  Scotchply  Tested  at  160°F. 
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SANDWICH  BEAM  FABRICATION 


The  sandwich  panels  fabricated  for  the  static  and  dynamic  tests 
in  the  program  are  shown  in  Table  XV.  The  layup  and  fabrica¬ 
tion  procedures  are  illustrated  in  Figures  24,  25,  26,  and  27. 
Two  basic  cures  used  for  fabrication  were  as  follows: 

Cure  A  1  hour  at  330°-340°F  at  30  psig  (Autoclave) 

Cure  B  2  hours  at  330°-340°F  at  30  psig  plus  16  hours  at 
280 °F  under  vacuum  pressure  in  an  air-circulating 
oven 

The  general  procedure  for  fabricating  the  test  sandwich  panels 
was  as  follows: 

A  typical  24- inch  by  28- inch  honeycomb  core  was  fabricated 

and  assembled  as  follows: 

Step  1  The  core  was  stabilized  with  FM-37  core  splice 
adhesive  foam  (modified  epoxy)  at  both  ends  of 
the  panel  (see  Figure  24) . 

o  The  core  was  cleaned  by  degreasing  in  an 
air-circulating  oven  for  a  period  of  45 
minutes  at  a  temperature  of  225°F. 

Step  2  The  prepreg  fiber  glass  skins  were  laid  up  on 
the  core  using  the  following  procedure: 

o  The  required  facing  material,  core,  and 

adhesive  were  assembled  into  a  frame-type 
tool.  The  assembly  was  then  covered  with 
a  caul  plate  similar  to  the  one  shown  in 
Figures  3  and  4.  The  panel  was  then 
vacuum  bagged  and  generally  cured  per  the 
autoclave  cycles  shown  in  Table  XV. 


Static  Flexure  Test 


Static  flexure  test  of  the  sandwich  beam  specimens  was  conduc 
ted  in  order  to  determine  the  behavior  of  fiber  glass  sandwich 
beam  facing  materials  subjected  to  two-point  loading,  as  shown 
in  Figure  28.  An  Instron  Universal  Testing  Machine,  Model  77C, 
was  used  to  apply  the  load  at  a  constant  load  rate  cf  0.05 
inch  per  minute  until  failure  of  the  specimen  occurred. 

Load  versus  deflection  plots  were  obtained  from  each  specimen. 
The  sandwich  beam  flexural  modulus  was  determined  by  ordinary 
beam  theory  as  follows: 


38 


Figure  24.  Unidirectional  Sandwich  Panel 


I 


STABILIZE  WITH  FM-37 


5.0  IN. 


TT 


V//////A 


-20  +  0.10  IN.- 


4.4  LB/FT3 
1 —  5052 

ALUMINUM  CORE 


MEASURE  THICKNESS  IN  10  PLACES 


MAXIMUM  AND  MINIMUM  SHALL  NOT  VARY  BY  MORE  THAN  0.05  INCH 


MAXIMUM  SPECIMEN  BOW  SHALL  NOT  EXCEED  0.003  INCH 


ALL  EDGES  SHALL  BE  SQUARE  AND  FREE  FROM  BURRS,  NICKS, 
GOUGES,  RESIN  CRACKS,  FRAYED  FIBERS,  AND  DELAMINATIONS 


Figure  2  5  .  Unidirectional  Sandwich  Specimen. 


STABILIZE 


G>  MEASURE  THICKNESS  IN  10  PLACES  (  ©  ) 

MAXIMUM  AND  MINIMUM  SHALL  NOT  VARY  BY  MORE  THAN  0.05  INCH 

*  MAXIMUM  SPECIMEN  BOW  SHALL  NOT  EXCEED  0.05  INCH 

*  ALL  EDGES  SHALL  BE  SQUARE  AND  FREE  FROM  BURRS,  NICKS, 

GOUGES,  RESIN  CRACKS,  FRAYED  FIBERS,  AND  DELAMINATIONS 

Figure  26  .  Sandwich  Specimen  +45  Degree  Crossply  Fiber  Glass 
Facings. 
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where 


AP 


=  AP  aN  (  3LN  ~  4aN  * 

EB  Ay  241 

change  in  load  versus  change  in  deflection  at 
the  beam  midspan,. lb/in. 

width  of  sandwich  beam,  inches 

core  thickness,  inches 

total  thickness  of  sandwich  beam  specimen, 
inches 


Ln  =  distance  between  sandwich  reaction  points, 
u  inches 


aN  1//4  LN 

3  3  4 

I  =  moment  of  inertia  =  ^  (a  -  c)f  in. 


The  results  of  the  sandwich  beam  flexure  tests  are  shown  in 
appropriate  engineering  formats  in  Table  IX.  In  addition, 
Table  IX  includes  a  description  of  testing  environments, 
processing  cures,  and  the  type  of  failure  exhibited  by  the 
specimen. 


Figure  29  shows  a  sandwich  beam  undergoing  a  static  flexure 
test  at  room  temperature.  Figure  30  shows  a  sandwich  beam 
undergoing  static  flexure  test  at  a  controlled  temperature  of 
-65°F. 


NOTES : 


Where  the  Subscript  N  =  1,  2  3-^=6  Inches 

L-^  =  16  Inches  a  =  8.5  Inches 

L 2  =  19  Inches 

Figure  28.  Static  Sandwich  Beam  Test  Load  Arrangement. 
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earn  Undergoing  Load-Deflection 
ntrolled  Temperature  of  -65°F. 


5 


The  sandwich  facing  strength  was  determined  by  the  following 
method: 


M 


o  ^bt 
a  ^bt 


Figure  31.  Static  Equilibrium  Loading  of  Sandwich  Beam. 


Assume  that  the  axial  loads  and  applied  moment  are  distributed 
as  shown  in  Figure  31.  Then,  according  to  static  equilibrium, 
the  facing  stress  is: 


_  _  M _ M 

f  bt (d-t)  bt (t+c) 

where  of 

t 

M 


=  facing  stress,  psi 
=  facing  thickftess  {either  skin) ,  in. 
=  applied  moment,  in- lb. 


Table  VI  illustrates  the  general  mode  of  failure  of  all  the 
static  beams  tested.  The  crossply  specimens  deflected  gener¬ 
ally  at  the  midspan  location  with  no  indication  of  a  failure 
either  in  the  tension  or  compression  face. 

One  failure  mode  experienced  by  the  unidirectional  beams  was 
an  edgewise  skin  shear  near  the  inboard  end  of  the  stabilized 
core.  The  failure  may  have  been  caused  by  transverse  shear 
forces  introduced  by  the  applied  bending  moment.  These  forces 
are  assumed  to  be  resisted  by  the  combination  of  core  and 
facing  materials.  However,  the  core  assumes  the  heavier  load, 
and  will  fail  if  the  shear  load  exceeds  the  core  strength 
capabilities  or  proportional  limits  of  the  material.  When  the 
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core  begins  to  fail,  the  modulus  of  rigidity  is  reduced  and 
the  load  in  shear  is  transferred  to  the  facings  resulting  in 
an  edgewise  skin  shear  failure. 


SANDWICH  BEAMS  (DYNAMIC) 

Fiber  glass  flexure  sandwich  beams  were  tested  on  a  Sonntag 
S-l  Fatigue  Test  Machine.  The  test  objective  was  to  determine 
the  relative  beam  flexure  fatigue  characteristics  for  fiber 
glass  sandwich  beams  fabricated  with  woven  and  unwoven  pre- 
preg  epoxy  S-glass  skins  and  aluminum  core.  Conditioned  speci¬ 
mens  were  tested  at  temperatures  of  -65°F  and  75°F  and  run  at 
stress  ratios  of  0.10. 

The  panel  layups  and  cure  sequences  for  the  skins  are  identical 
to  the  static  specimens  shown  in  Table  XV.  The  beams  were 
dimensioned  as  shown  in  Figures  24,  25,  26,  and  27.  The  sand¬ 
wich  beam  specimen  fatigue  test  arrangement  is  shown  in  Figure 
32,  and  the  test  setup  is  shown  in  Figure  33.  All  the  applied 
loads  were  randomly  selected  to  provide  a  spread  of  data  within 
desired  life  cycles.  However,  failures  such  as  delaminations, 
debonding  of  the  sandwich  skins  from  the  core,  and  the  inabil¬ 
ity  of  the  specimen  to  retain  the  applied  loads  (i.e.,  amplitude 
failure)  were  common  occurrences  which  resulted  in  aborting  the 
tests.  The  crossply  specimens  at  all  test  temperatures  failed 
by  deformation  at  low  cycles  (less  than  a  million  cycles)  be¬ 
cause  of  amplitude  problems.  The  only  explanation  available 
for  this  phenomenon  may  be  the  weakness  associated  with  the 
matrix,  which  offers  no  constraining  factor  due  to  the  inter¬ 
action  forces  between  the  ply  layers.  The  conditioned  speci¬ 
mens  such  as  the  120-degree  wet-soak  specimens  had  generally 
experienced  a  low  cycle  life  (less  than  a  million  cycles) . 


COMPRESSIVE  SANDWICH  TESTS  (EDGEWISE  COMPRESSION) 

A  number  of  conditioned  and  unweathered  specimens  were  tested 
to  determine  sandwich-constructed  compressive  properties  at 
temperatures  of  -65°F,  75°F,  and  160°F.  The  test  procedure 
used  was  Federal  Standard  Method  1021.  All  specimens  were 
tested  on  an  Instron  Universal  Machine  at  a  crosshead  speed  of 
0.05  inch  per  minute.  The  specimens  were  loaded  in  the  direc¬ 
tion  parallel  to  the  core  ribbon >  The  results  of  the  tests 
are  shown  in  Table  X.  The  compressive  strength  was  calculated 
using  the  following  expression: 


a 

c 


P 

2tb 


f 
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where 


oc  =  compressive  strength,  psi 
P  =  applied  load,  lb 

The  majority  of  failures  were  of  the  matrix  fractures  type 
accompanied  by  a  slight  percentage  of  de laminations .  The 
unidirectional  specimens  demonstrated,  as  expected,  strength 
in  the  lower  temperature  regime  and  weakness  in  the  higher. 

The  weathered  and  artificially  conditioned  specimens  experi¬ 
enced  very  little  change  in  strength  in  comparison  to  uncondi¬ 
tioned  specimens  tested  at  room  temperature.  Figure  34  shows 
a  sandwich  beam  specimen  undergoing  a  compression  test  at  room 
temperature. 


STATIC  AND  FATIGUE  TORSION  TUBE  SPECIMEN  FABRICATION 


Materials: 

1)  Scotchply  (1002S  and  XP251S  prepreg) 

2)  BP907-143S  (epoxy  resin.  143-style  S-glass  fabric) 

?)  Silicone  rubber  seamless  tubing 

4)  828  epoxy  resin  and  curing  agent  diethylenetriamine  (DTA) 

5)  181  Fabric  -  Volan  A.  finish 


Fabrication  Procedure 

The  tubes  were  fabricated  from  Scotchply  XP251S  and  1002S 
unidirectional  (epoxy  resin)  prepregs  and  BP907-143S  fabric 
prepreg.  The  unidirectional  materials  were  wound  at  wrap 
angles  of  zero  degrees  and  +45  degrees,  whereas  the  143  fabric 
warp  was  wrapped  at  +45  degrees,  all  relative  to  the  tube  axis. 

The  mandrel  used  during  the  fabrication  of  tube  specimens  met 
the  requirements  shown  in  Figure  35.  Figures  36  and  37  illu¬ 
strate  the  tube  tool  and  die  assembly  and  the  relationship  of 
the  mandrel  to  the  male  and  female  portions  of  the  tube  and 
mold  assembly.  The  tool  surfaces  were  cleaned  with  acetone 
and  treated  with  Garan  225  release  agent.  The  mandrel  was 
then  wrapped  with  Mylar  film  to  insure  proper  presizing  of  the 
fiber  glass  layers.  Finally,  the  mandrel  was  covered  with  a 
seamless  silicon  tube  or  boot  and  covered  with  a  Teflon  film. 

Figures  38,  39,  and  40  show  the  configurations  of  the  tube 
specimens.  The  tubes  were  wrapped  as  follows: 


Material 
1002S 
XP251S 
BP907-1 43S 


*Wrap  Angle 
Zero  degrees 
+45  degrees 
+45  degrees 


*Wrap  angle  relative  to  tube  longitudinal  axis. 
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TUBE  MOLD  ASSEMBLY 

Figure  37.  Torsional  Tube  Specimen  Tooling. 
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12  IN.  (REF) 


Figure  39.  Fiber  Glass  Tube  Configuration. 


Upon  completion  of  each  ply  wrap,  a  measurement  was  made  to 
the  outer  tube  perimeter  to  insure  thickness  tolerances.  The 
tube,  after  it  was  wound,  was  then  placed  in  a  female  aluminum 
mold  which  was  prepared  with  Garan  225  release  agent.  The 
mold  was  assembled,  wrapped  with  a  bleeder  cloth  and  vacuum 
bagged,  and  then  placed  in  an  autoclave  and  cured  per  the 
following  cycle: 


Material 

Step  A 

Step  B 

Step  C 

XP251S 

and 

85  psig 

85  psig 

1002S 

280°-290°F 

1  Hour, 
Autoclave 

330° -340°F 

1  Hour, 
Autoclave 

BP907-143S 

85  psig 

85  psig 
280°-290°F 

85  psig 

175°-185°F 

330°-340°F 

1/2  Hour, 

1/2  Hour, 

1/2  Hour, 

Autoclave 

Autoclave 

Autoclave 

NOTES : 

1)  All  tubes  were  exposed  to  a  16-hour  postcure  at  280°-290°F 
under  vacuum  pressure. 

2)  All  unidirectional  specimens  were  equipped  with  fiber 
glass  doublers  as  shown  in  Figure  40. 

3)  Aluminum  plug  extensions  were  bonded  on  each  end  of  the 
tube  as  shown  in  Figure  40.  This  procedure  insured  the 
necessary  gripping  for  the  specimens  during  the  test 
procedure . 

TORSION  TUBE  TEST  (STATIC  AND  DYNAMIC) 


Twenty-seven  tubes  were  statically  tested  on  a  Sonntag  machine 
to  complete  failure.  The  test  setup  is  illustrated  in  Figures 
41  and  42.  A  hydraulic  ram  delivers  the  required  load  through 
a  load  cell  onto  a  connecting  torque  arm.  As  the  specimen 
rotates,  measurements  of  torque  load  versus  angular  rotation 
are  recorded  with  the  aid  of  dial  indicators.  The  fatigue 
specimens  (approximately  18)  were  tested  on  a  SF-1  Sonntag 
machine  using  the  same  test  setup  for  the  static  tube  arrange¬ 
ment  (see  Figure  43)  . 

The  torsional  strength  properties  for  both  fatigue  and  static 
tests  are  shown  in  Table  XIII.  Torsional  stiffness  was 
obtained  by  utilizing  typical  static  calibration  curves  from 
the  test  plot,  measured  at  room  temperature,  shown  in  Figures 
44,  45,  and  46.  The  tube  stiffness  was  calculated  using  the 
following  expression: 
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MATERIAL  -  6  PLIES  BP907-143S  CROSSPLY  (+45 
(WRAPPED  RELATIVE  TO  TUBE  AXIS 


Figure  46 .  Calibration  Curve  for  Determining  Static 
Torsional  Stiffness  of  Fiber  Glass  Tube 
Specimen  TX-27-2  Tested  at  Room  Temperature 


G 


AT 
A  <*> 


where 


G  =  shear  modulus,  psi 


AT  _  change  in  torque  per 
A 4>  change  in  angular  twist,  1^-~ — 

Lt  =  unsupported  tube  length,  in. 

4 

J  =  polar  moment  of  inertia,  in. 

The  shear  strength  was  calculated  by  the  following  method: 


16  T  D 


f  = 
s 


4  4 

"<Do  “Di  > 


where 


T 

D 


D. 

i 


applied  torque,  in. -lb 
outside  tube  diameter,  in. 
inside  tube  diameter,  in. 


The  torsional  stiffness  versus  wrap  angle  for  both  unidirec¬ 
tional  and  crossply  fiber  glass  materials  is  shown  graphically 
in  Figure  47.  The  applied  tube  torque  versus  the  tube  shear 
strain  is  shown  graphically  in  Figure  48.  A  typical  S-N  curve 
for  the  torsion  tubes  is  shown  in  Figure  49. 

Typical  static  fiber  glass  torsion  tube  specimen  failures  are 
shown  in  Figures  50  through  54.  The  test  results  are  contained 
in  Table  XIII.  In  addition,  a  complete  description  of  the 
testing  environment,  and  specimen  identification  information 
are  contained  in  Table  XIII. 

The  BP907-143S  and  XP251S  crossply  specimens  exhibited  shear 
stiffness  values  at  room  temperatures  of  1.3  x  10^  to  2.5  x  10^ 
psi  respectively.  The  strength  values  of  BP907  were  consistent 
at  room  temperature,  averaging  approximately  30  x  10^  psi, 
whereas  the  XP251S  exhibited  an  average  of  18  x  10^  psi.  At 
the  -65°F  regime,  the  tubes  exerted  a  strength  increase  of 
about  2.5  times  the  value  recorded  at  room  temperature. 

The  static  unidirectional  tube  specimens  generally  exhibited 
failure  modes  of  matrix  fracturing  or  fiber  separation  parallel 
to  the  fiber.  The  crossply  XP251S  experienced  a  mode  of  fibers 
failing  in  tension  combined  with  matrix  fractures  in  the  +45 
degrees  planes.  There  was  evidence  of  discoloration  in  some 
areas  of  the  tube  specimens,  indicating  a  delamination  between 
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SHEAR  MODULUS  G  -  10  PS I 


(1)  SCOTCHPLY  XP251S  AND  1002S  NONWOVEN  ORGANIC  PREPREG 


(2)  BP907-143S  WOVEN  ORGANIC  PREPREG.  THE  143S  WOVEN 

MATERIAL  WAS  WRAPPED  AT  +45°  to  WARP. 
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Figure  47.  Torsional  Stiffness  Versus  Wrap  Angle  for  Epoxy 
Resin  Tubes  Reinforced  With  (1)  S-Glass  Fibers 
and  (2)  143S-Style  Fabric  and  Tested  at  -65°F, 
75°F,  and  160°F. 
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Figure  49.  S-N  Curve  for  Torsion  Tubes  Fabricated  of  Epoxy 
Resin  Reinforced  With  (1)  S-Glass  Fibers  and  (2) 
143  S-Style  Fabric  and  Tested  at  Room  Temperature 
or  as  Noted  at  Data  Points . 
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Fiber  Glass  Torsion  Tube  Failure 
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layers.  A  portion  of  the  14 3S  crossply  specimens  underwent 
buckling  with  a  slight  percentage  of  matrix  and  fiber  failures. 

There  were  problems  during  the  test  on  the  specimens  ,  such  as 
adhesive  failure  between  the  aluminum  plugs  and  the  specimen. 
Additional  problems  include  static  specimens  that  were  suscep¬ 
tible  to  damages  from  the  test  clamps.  A  number  of  specimens 
experienced  amplitude  failures  at  the  start  of  the  test  and 
ran  about  2,000  to  10,000  cycles.  This  problem  was  alleviated 
by  trial  and  error  in  lowering  the  loads  until  a  satisfactory 
life  of  the  specimen  was  accomplished.  The  fatigue  tests  were 
run  on  stress  ratios  of  0  and  -1.0  for  purposes  of  providing 
sufficient  information  for  a  statistical  evaluation. 

ADHESIVE  BONDED  JOINT  TESTING 

The  purpose  of  this  test  was  to  determine  the  strength  of 
three  configurations  of  adhesively  bonded  double-lap  joints. 

The  joint  configurations  were  selected  on  the  basis  of  their 
application  in  the  design  and  manufacture  of  fiber  glass  rotor 
blades.  Other  considerations  were  operating  temperature, 
effects  of  overlap  length  versus  adhesive  joint  stress,  adher- 
end  material,  and  finally  the  strength  degradation  and  joint 
efficiency  when  the  specimen  was  exposed  to  various  environ¬ 
mental  conditions.  Because  of  limitations  in  cost,  all  of  the 
preceding  factors  could  not  be  investigated.  The  test  program 
was  reduced  to  encompass  3  basic  designs  to  bonded  joint  con¬ 
figurations.  The  overlap  length  and  width  of  each  configura¬ 
tion  were  held  to  1  and  2  inches,  respectively.  The  joints  in 
configurations  2  and  3  (see  Figures  56  and  57)  are  of  the 
metal-to-fiber  glass  type,  while  those  of  configuration  1 
(Figure  55)  are  of  the  metal-to-metal  type.  The  adhesive  used 
was  AF-126.  The  static  and  fatigue  tests  were  conducted  at  75°F 
75°F.  The  static  tests  were  performed  with  five  specimens,  the 
fatigue  tests  with  six.  All  testing  was  done  on  a  Sonntag  fa¬ 
tigue  machine  equipped  with  a  5  to  1  multiplying  tension  fix¬ 
ture  and  instrumented  link  to  monitor  the  loading.  The  test 
results  are  shown  in  Table  XIV. 


Configuration  1 

Configuration  1  failures  were  consistent  in  the  aluminum  adher- 
end.  All  of  the  6  specimens  that  were  fatigue  tested  resulted 
in  t'-.c  absence  of  failures  in  the  desired  adhesive  area.  There 
is  some  indication  that  the  failures  were  attributed  to  fret¬ 
ting  .ocurring  between  the  test  grips  and  aluminum  adherend. 

The  maximum  life  was  recorded  at  1.365  x  10^  cycles  for  a 
stress  of  650  psi,  whereas  the  lowest  was  0.198  x  106  cycles 
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NOTE:  ALL  DIMENSIONS  ARE  TYPICAL. 


MATERIALS 


Q  AND  (2)  ALCLAD  ALUMINUM  (2024-T3) 


(3)  ALCLAD  ALUMINUM  (2024-T3  FILLER)  SPECIMEN  QUANTITY 


@  AF126  ADHESIVE 


NO.  OF  TYPE  OF 

SPECIMENS  TEST 


FABRICATION  PROCEDURE 


FATIGUE 


1  HOUR  §  225-250 °F  @ 
50  PS I.  HEATUP  RATE 
@  1 . 5°F/MIN .  ALL 
SPECIMENS  CURED  IN  AN 
AUTOCLAVE . 


TEST  TEMPERATURE  75°F 


Figure  55.  Adhesive  Joint  Fabrication,  Configuration  1. 
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1.0  IN. 
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— 

-*“1.0  IN.  LAP 
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A  TKT 
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— -  *  •  « >  au  m  - 

-m - — _ 7 

.5  IN 

*  - — 1 

TITANIUM  6-4  AND  XP251S  GLASS  ADHERENDS  +  AF126  ADHESIVE 


©  TITANIUM  (Ti-6A1-4V) 

©  XP251S  -  UNIDIRECTIONAL 

(  PRECURED  ) 

©  XP251S  -  UNIDIRECTIONAL 
FILLER  (PRECURED) 

FABRICATION  PROCEDURE 


©  ALCLAD  ALUMINUM  (2024-T3) 
DOUBLERS 

©  AF126  ADHESIVE 

©  XP251S  -  +45°  CROSSPLY 
(  PRECURED  ) 


NOTE:  AUTOCLAVE  CURE  IS  ACCOMPLISHED  AT  330-340°F,  50  PSI. 

HEATUP  RATE  IS  1.5°F  PER  MINUTE. 


STEP  1  -  PRECURE  ALL  XP2  51S  GLASS  SKINS  FOR  1  HOUR 
BEFORE  SPECIMEN  FABRICATION. 


STEP  2  -  CURE  COMPLETE  ASSEMBLY  FOR  1  HOUR. 

STEP  3  -  FOR  CONFIGURATION  4,  REPEAT  THE  CURE  CYCLE 
(STEP  2)  3  TIMES. 


Figure  56 . 


Adhesive  Joint  Fabrication,  Configurations  2  and  4. 
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BP907/143S  GLASS  ADHERENDS  +  AF126  ADHESIVE 


0.2812  IN. — i 
J^0.468  IN. 


-0.0468  IN, 


125  IN, 


125  IN. 


|  H  h-°  IH~ 


NOTE 


(LAP) 


1.0 

IN. 


- 1 - 

1 

1 

_ ! _ 

A  OC  TVT  _  __ 

1.5  IN. 

m  iiN  •  •* 

- - 7.5  IN. - 

:  ALL  DIMENSIONS  ARE 

TYPICAL. 


—•—DIRECTION  OF 
MAXIMUM  CLOTH  STRENGTH 


MATERIALS 


© 

BP907/143S  GLASS  CLOTH 
UNIDIRECTIONAL  (  PRECURED  ) 

© 

AF126  ADHESIVE 

© 

ALCLAD  ALUMINUM  (2024-T3) 
DOUBLERS 

© 

BP9 07/143S  GLASS  CLOTH 
UNIDIRECTIONAL  FILLER 
(  PRECURED  ) 

FABRICATION  PROCEDURE 

STEP  1) 


PRECURE:  ALL  BP907/143S  GLASS  SKINS  FOR 


TIME, 

MINUTES 

TEMPERATURE, 

°F 

PRESSURE, 
PS  I 

HEATUP 

RATE 

30 

175-180 

50 

1.5 

°F/MIN 

30 

280-290 

60 

330-340 

STEP  2)  CURE:  COMPLETE  ASSEMBLY  FOR 
"  1  HOUR  §  330-340°F  @  50  PSI. 

HEATUP  RATE  @  1.5°F/MIN 

NOTE:  ALL  TEMPERATURES  AND  PRESSURES 

REFER  TO  AUTOCLAVE  CURE  PROCESS. 


SPECIMEN  QUANTITY 


NO.  OF  TYPE  OF 

SPECIMENS  TEST 


6  FATIGUE 

5  STATIC 


TEST  TEMPERATURE  75°F 


Figure  57.  Adhesive  Joint  Fabrication,  Configuration  3. 
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Configuration  2 

The  average  bond  stress  for  panel  B  was  3239  psi,  whereas  the 
average  stress  for  panel  D  was  3618  psi.  As  a  comparison, 
the  adhesive  bond  strength  in  panel  D  had  increased  approxi¬ 
mately  10.5  percent  (see  Figure  58).  The  data  indicated  that 
no  degradation  in  adhesive  strength  would  be  incurred  in  sub¬ 
jecting  the  material  to  repeated  cure  cycles  as  required  in 
multistage  fabrication.  Strength  of  the  joint  can  vary  due  to 
factors  such  as  the  adhesive  batch  used,  the  configuration  of 
joint,  and  the  bond  compatibility  between  the  adherend  and 
adhesive.  Typical  adhesive  failures  in  panel  D  are  shown  in 
Figure  60. 

The  curve  shown  in  Figure  58  represents  an  average  bond  strength 
between  XP251S  Scotchply  and  titanium.  The  various  overlap 
lengths  are  a  result  of  the  deviation  of  measurements  and  were 
plotted  as  a  function  of  bond  stress. 

The  fatigue  results  for  panels  B  and  D  illustrate  the  change  in 
strength  for  two  identical  joint  configurations.  There  was 
only  one  difference,  however;  panel  D  was  triple  cured  whereas 
panel  B  received  a  single  cure.  Panel  B  ranged  from  350  to 
500  psi  and  had  a  maximum  cycle  life  of  3.192  x  106  at  350  psi. 
Panel  D  experienced  a  higher  stress  but  a  shorter  life.  The 
range  was  450  to  900  psi  and  a  maximum  life  of  0,140  x  106  at 
500  psi.  A  complete  presentation  of  fatigue  data  is  shown  in 
Figure  59. 

Configuration  3 

The  static  average  stress  for  panel  C  was  5092  psi  .  The 
stress  distribution  was  consistent  and  showed  little  deviation. 
The  increase  in  strength  of  panel  C  was  quite  high  in  compari¬ 
son  to  panels  B  and  D.  The  apparent  increase  may  be  attributed 
to  the  thicker  and  more  elastic  BP907-143S  adherend.  However, 
the  cohesive  compatability  of  the  BP907  resin  and  the  AF126 
adhesive  used  in  blade  fabrication  was  demonstrated.  Figure 
61  illustrates  typical  static  adhesive  failures  in  panel  c. 


79 


BOND  SHEAR  STRESS 


ADHERENDS 


TITANIUM  (T1-6A1-4V) 

XP251S  (SCOTCHPLY) 
UNIDIRECTIONAL 


VD 

/ 

l _ 

7 

PANEL  D 

(CURED  PER  PANEL  B 

3  CYCLES) 

- 1 - 

FOR 

1 

PANEL  B 

(CURED  FOR  1  HOUR 
@  330°  -  340  °F 
@  50  PSIG  | 

@  1 • 5  °F/MIN) 


OVERLAP  LENGTH  -  INCHES 

Figure  58.  Stresses  in  Dor.ole  Lap  Joint  Bonded  With  AF126 
Adhesive  Tested  at  Room  Temperature. 


igure  59.  Fatigue  Properties  of  Adhesive  Bonded  Double  Lap 
Shear  Joints  Tested  at  Room  Temperature  (75 °F) . 


*/ 


/ 


Figure  61. 


Double  Lap  Shear  Specimens  (Configuration  3) 
Tested  at  Room  Temperature. 
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CONCLUSIONS 


Static  and  dynamic  properties  of  aluminosilicate  S-glass  pre- 
preg  materials  were  obtained  over  a  range  of  processing  and 
environmental  parameters  necessary  for  the  application  of 
these  materials  to  airframe  structures.  Emphasis  was  placed 
on  those  specific  fabrication  and  design  factors  applicable 
to  helicopter  rotor  blades. 

The  significant  conclusions  derived  from  the  program  are 
shown  below: 

o  The  materials  tested  have  shown  adequate 
strength,  modulus,  and  fatigue  properties 
for  successful  utilization  in  aircraft 
load-bearing  structures. 

o  A  method  for  the  reduction  of  room  tempera¬ 
ture  fatigue  properties  is  required  in  order 
to  account  for  the  effects  of  process  avail¬ 
ability  and  temperature  and  weathering 
environments . 

Characteristically,  simple  room  temperature  design  properties 
tests  are  conducted  early  in  material  evaluations  since  the 
more  complete  environmental  tests  are  both  time-consuming  and 
expensive.  A  criterion  for  accounting  adequately  for  environ¬ 
mental  effects  in  early  preliminary  design  data  is  needed. 

A  recommended  approach  using  room  temperature  data  consists 
of  computing  a  best-fit  line  for  the  fatigue  data  or  trans¬ 
posing  the  data  to  N  =  10?  cycles  and  evaluating  the  statis¬ 
tical  characteristics.  The  fitted  mean-line  through  the  data 
is  usually  graphically  shown  along  with  a  mean-minus-three- 
standard-deviation  line  (X  -  3o)  passed  below  the  data.  Over 
the  range,  105  to  107  cycles,  the  statistical  minimum  line  is 
reduced  by  a  factor  of  1.75,  which  is  intended  to  account  for 
the  unknown  influences  of  environment  and  size  effects  in  the 
design  curve.  From  10$  cycles,  the  reduced  design  curve  is 
projected  back  through  the  tangent  to  the  X  -  3o  or  the  static 
allowable  strength,  whichever  is  least.  This  procedure  is 
demonstrated  in  Figure  62  using  available  Boeing  room  tempera¬ 
ture  fatigue  data  for  1002S-glass  unidirectional  laminates 
tested  in  tension-tension  fatigue.  It  may  be  seen  in  Figure 
63  that  when  the  applicable  environmental  data  documented  in 
this  program  are  displayed  in  the  data  field,  the  suggested 
preliminary  design  allowable  criteria  are  adequate  to  account 
for  reductions  in  strength  due  to  temperature  extremes.  A 
similar  presentation  has  been  made  for  XP251S  crossplied 
material.  The  available  Boeing  data  are  shown  in  Figure  64 
along  with  the  characterizing  statistical  lines  which  were 
computed  from  the  given  data. 
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Figure  65  demonstrates  the  recommended  criteria  by  displaying 
the  environmental  data  obtained  in  this  program  in  the  S-N  data 
field.  The  crossplied  data  exhibit  the  expected  major  reduc¬ 
tions  in  fatigue  strength  due  to  high  temperature.  It  may  be 
seen  in  Figure  65  that  the  recommended  criteria  are  adequate 
for  all  points  above  10^  cycles. 

The  mean-minus-three  standard  deviation  reduced  by  a  factor 
of  1.75  is  adequate  to  account  for  temperature  effects  in 
establishing  design  allowables  from  room  temperature  coupon 
fatigue  data.  The  data  presented  indicate  this  is  to  be 
true  at  least  for  the  region  N  =  10^  to  N  =  10^  cycles.  Uni¬ 
directional  material  fatigue  strength  is  reduced  in  the  cold 
temperature  range,  and  conversely  the  +45  degree  crossplied 
laminate  fatigue  strength  is  reduced  in  the  high  temperature 
range . 
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CYCLES  TO  FAILURE  -  N 

Figure  63.  Fatigue  Testing  of  Unidirectional  1002 


1/2-INCH-WIDE  axially  loaded 
laminate  specimen 

LOAD  RATE  =  1800  RPM 


Figure  65.  Fatigue  Testing  of  ^45  Degree  XP251  S-Glass 
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TABLE  IX.  FLEXURAL  PROPERTIES  FOR  SANDWICH  BEAMS  CONSTRUCTED 
OF  ALUMINUM  CORES  AND  LAMINATED  EPOXY  RESIN  PANELS 
REINFORCED  WITH  (1)  S-GLASS  FIBERS  AND  (2)  14> 
STYLE  FABRIC  AND  TESTED  AT  -65°F,  75°F,  and  160°F. 
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330-340°F  at  30  psig,  1  hour  at  330-340°F  at  50  psig,  16  hours  postcure  at  280°F,  under  vacuum  pressure. 

Panels  3-B4  and  3-C2  cured  for  1/2  hour  at  1°9-190°F  at  30  psig,  1/2  hour  at  280-290°F  at  30  psig,  1  hour  at  330-340°F 
at  30  psig,  1  hour  at  330-340°F  at  30  psig,  16  hours  pcstcure  at  280°F,  under  vacuum  pressure. 
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Panels  6-2 ,  7-1,  7-2,  8-1,  and  6-2  and  3-1  cured  for  1  hour  at  330-340°F  at  30  psig,  16  hours  postcure  at  280°F,  under 
vacuum  pressure. 
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A  portion  of  lengths  were  assumed  to  be  2.000  inches. 

Number  of  plies  pertains  to  one  face  plate. 

143  Fabric  and  unidirectional  material  laid  up  relative  to  core  ribbon  direction. 

Specimen  artif icially  weathered  for  300  hours  and  tested  within  30  days  after  removal  at  specified  temperature. 
Specimen  conditioned  at  120 °F  (100  percent  R.H.)  for  30  days  and  tested  within  30  minutes  after  removal  at  75°F. 
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Summary  of  Test  Data  from  Test  Panel  Numbers  9B,  10  &  10B,  Fabricated 
of  Unidirectional  BP  907-143S 
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TABLE  XII.  FATIGUE  PROPERTIES  FOR  SANDWICH  BEAMS  CONSTRUCTED 
OF  ALUMINUM  CORES  AND  LAMINATED  EPOXY  RESIN  PANELS 
REINFORCED  WITH  (1)  S -GLASS  FIBERS  AND  (2)  1435- 
STYLE  FABRIC  AND  TESTED  AT  -  65®F  AND  75*F. 
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Summary  of  Test  Data  from  Test  Series  Number  1#  Fabricated  of 
Unidirectional  XP  2 5 IS 


Fibers  and  (2)  143S-Style  Fabric  and  Tested  at  -65°F 
75°F.  Stress  Ratio  (R)  =  0.10. 
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Summary  of  Test  Data  from  Test  Series  Number  4,  Fabricated  of 
+  45°  Crossply  XP  251S  and  +  45°  Crossply  BP907  -  143s 


Summary  of  Test  Data  from  Test  Series  Number  733,  Fabricated  of 
+  45°  Crossply  BP  907-143S 


c 

O' 

0 

u 

04 

0 

01 

> 

fa 

0 

cr 

a 

2 

0 

c 

u 

0 

o 

04 

■fa 

c 

0> 

c 

p 

i  >1 

Q4 

O' 

•H 

fa 

04 

u 

0 

re 

•H 

o 

c 

c 

•p 

0) 

0 

O' 

> 

0 

fa 

0 

w 

0 

5 

H 

rsj 

w 

CO 

CO  CO 

T3 

h  <u 

C 

<D  V4 

Id 

-9  ** 

■H  CO 

<1) 

fa 

Vi 

• 

0 

CO 

U 

CO  fa 

CO  0 

E 

H  in 

3 

0  1" 

G 

1 

•r| 

CO  TJ 

E 

c 

3 

. - -  flj 

rH 

rH 

< 

—  fa 

0 

>p 

fi  in 

0 

+J  cO 

rl  | 

XI 

* 

a) 

+J 

4-1 

T3  (0 

u 

0) 

3 

O  XI 

V4 

VH  CD 

4-» 

O  -P 

(0 

44  CO 

G 

G  CD 

O 

•H  Eh 

U 

CD 

C/3 

fa  XI 

w 

t n 

G 

tJ 

M 

§ 

co  id 

B 

Q) 

CD 

U  U 

1 

m 

id  -h 

2; 

fa  u 

£ 

A 

0 

C  cd 

-H 

•rl 

? 

CO 

TJ 

CD  CD 

C 

fa  rH  • 

(0 

>1  O 

co 

>1  +J  rH 

w  B  n 

CD  T3  <H 


<*  i  2 


id 
C 
■H 

e  ti  -p 


SSMiS  DNIlVNH3ilV 


TABLE  XIII.  TORSIONAL  PROPERTIES  OF  FATIGUE  AND  STATICALLY 

TESTED  TORSION  TUBES  FABRICATED  FROM  (1)  SCOTCHPLY 
EPOXY  RESIN  XP251S,  1002S,  AND  (2)  BP907-143S  AND 
TESTED  AT  -65°F,  75*F,  AND  160°F. 
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1  hour  at  330°-340°F  at  50 


TABLE  XV.  CONTINUED 


Material  Facing  and  Heatup 

Adhesive  Layup  on  Fiber  Assembly  Cures  and  Rate 

Series  Assembly  Step  Core  Orientation  Sequence  Panel  (®F/Min)  Remarks 
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TABLE  XVI.  STRAIN  GAGE  CALIBRATIONS  OF  SANDWICH  BEAM  SPECIMENS 
MEASURED  AT  ROOM  TEMPERATURE  PRIOR  TO  FATIGUE  TESTING 


Specimen 

Number 

NONWEATHERED 

Fiber- 

Face  Orientation 

Material  (Degrees) 

Number 
of  Plies 

Average* 
Modulus 
(106  psi) 

1-A1-3 

XP251S 

0 

4 

8.42 

1-A1-5 

XP251S 

0 

4 

8.20 

1-A1-7 

XP251S 

0 

4 

8.19 

1-A1-9 

XP251S 

0 

4 

7.76 

l-Al-12 

XP251S 

0 

4 

7.87 

1-B1-1 

XP251S 

0 

4 

8.02 

1-B1-5 

XP251S 

0 

4 

7.56 

1-B1-7 

XP251S 

0 

4 

8.05 

1-B1-9 

XP251S 

0 

4 

7.98 

1-B2-3 

XP251S 

0 

4 

7.75 

1-B2-5 

XP251S 

0 

4 

7.70 

1-C1-2 

XP251S 

0 

4 

7.39 

1-C1-4 

XP251S 

0 

4 

7.45 

1-C1-6 

XP251S 

0 

4 

7.00 

l-Cl-8 

XP251S 

0 

4 

6.74 

1-C2-2 

XP251S 

0 

4 

7.68 

1-C2-5 

XP251S 

0 

4 

7.54 

2-A2-1 

XP251S 

0 

4 

7.84 

2-A2-2 

XP251S 

0 

4 

7.69 

2-A2-3 

XP251S 

0 

4 

7.78 

2-A2-5 

XP251S 

0 

4 

8.07 

2-A2-6 

XP251S 

0 

4 

7.66 

2-A2-7 

XP251S 

0 

4 

7.59 

2-B1-1 

XP251S 

0 

4 

8.03 

2-B1-3 

XP251S 

0 

4 

7.99 

2-B1-5 

XP251S 

0 

4 

8.19 

2-B1-7 

XP251S 

0 

4 

8.06 

2-B2-1 

XP251S 

0 

4 

8.05 

2-B2-3 

XP251S 

0 

4 

8.00 

2-C1-1 

XP251S 

0 

4 

7.53 

|*Beam  flexural  modulus  based 

on  average  of 

3  readings  from  load 

strain 

curve  of  500me,  lOOOu 

e ,  and  1500u  e . 

The  modulus  was 

obtained  using  the  following 

expressions : 

3P 

0  f  0  4-  M 

4.  4-  \ 

EB  =  Beam  Flexural 

Modulus,  psi 

+  t ) 

of  =  Facing 

Stress , 

psi 

°f 

P  =  Applied  Load, 

lb 

eb  = 

- 

t  =  Facing 

Thickness,  in. 

me  =  Micro- 

Strain, 

in ./in . 

TABLE 

XVI.  CONTINUED 

NONWEATHERED 

Fiber 

Average* 

Specimen 

Face 

Orientation 

Number 

Modulus 

Number 

Material 

(Degrees) 

of  Plies 

(10^  psi) 

2-C1-3 

XP251S 

0 

4 

8.09 

2-C1-5 

XP251S 

0 

4 

8.15 

2-C1-7 

XP251S 

0 

4 

8.07 

2-C1-9 

XP251S 

0 

4 

8.45 

2-C1-12 

XP251S 

0 

4 

8.31 

3-A1-3 

1 BP907-143S 

+  45 

2  1 

2.58 

1  XP251S 

+  45 

2  1 

3-A1-5 

BP907-143S 

+  45 

2 

2.77 

XP251S 

+  45 

2 

3-A1-7 

BP907-143S 

XP251S 

+  45 
+45 

2 

2 

2.53 

3-A1-9 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.41 

3-A2-3 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.55 

3-A2-7 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.66 

3-B1-3 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.65 

3-B1-5 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.62 

3-B1-7 

BP907-143S 

+  45 

2 

2.68 

XP251S 

+  45 

2 

3-B1-9 

BP907-143S 

XP251S 

+  45 
+45 

2 

2 

2.69 

3-B2-5 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.43 

3-B2-7 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.59 

3-C1-3 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.66 

3-C1-5 

BP907-143S 

+  45 

2 

2.81 

XP251S 

+  45 

2 

3-C1-7 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.82 

3-C1-9 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.72 

3-C1-11 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.78 

3-C1-13 

BP907-143S 

+  45 

2 

2.72 

XP251S 

+  45 

2 

4-A1-1 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.53 

4-A1-2 

1 BP907-143S 

1 XP251S 

+  45 
+  45 

11 

2.44 

TABLE  XVI.  CONTINUED 


NONWEATHERED 

Fiber 

Average* 

Specimen 

Face 

Orientation 

Number  Modulus 

Number 

Material 

(Degrees) 

of  Plies  (10®  psi) 

4-A1-3 

1 BP907-143S 

1 XP251S 

+  45 
+  45 

2 

2 

2.88 

4-A1-5 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.99 

4-A2-5 

BP907-143S 

XP251S 

+  45 
+4  5 

2 

2 

2.79 

4-A2-7 

BP907-143S 

XP251S 

+  45 
+45 

2 

2 

2.34 

4-B1-1 

BP907-143S 

XP251S 

+  45 
+45 

2 

2 

2.67 

4-B1-3 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.72 

4-B1-5 

BP907-143S 

XP251S 

+45 
+  45 

2 

2 

2.54 

4-B1-7 

BP907-143S 

XP251S 

+45 
+  45 

2 

2 

2.70 

4-B1-9 

BP907-143S 

XP251S 

+45 

+45 

2 

2 

2.72 

4-B1-11 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.77 

4-C1-4 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.71 

4-C1-5 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.56 

4-C1-6 

XP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.66 

4-C1-8 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.43 

4-C1-9 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.46 

4-C1-10 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.55 

BP907-143S 

+  45 

2 

5-A1-3 

1002S 

+  45 

4 

2.15 

BP907-143S 

+  45 

2 

BP907-143S 

+  45 

2 

5-A1-5 

1002S 

+  45 

4 

2.25 

BP907-143S 

+  45 

2 

BP907-143S 

+  45 

2 

5A1-7 

1002S 

+  45 

4 

2.22 

BP907-143S 

+  45 

2 

BP907-143S 

+  45 

2 

5-A1-9 

1002S 

+  45 

4 

2.17 

BP907-143S 

+  45 

2 
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TABLE  XVI.  CONTINUED 


Specimen 

Number 

Face 

Material 

NONWEATHERED 

Fiber 

Orientation 
(Degrees ) 

Average* 

Number  Modulus 

of  Plies  (10°  psi) 

BP907-143S 

+  45 

2 

5-A2-3 

1002S 

+  45 

4 

2.18 

BP907-143S 

+  45 

2 

BP907-143S 

+45 

2 

5-A2-5 

1002S 

+45 

4 

2.25 

BP907-143S 

+  45 

2 

BPP07-14  3S 

+45 

2 

5-B1-2 

1002S 

+45 

4 

2.06 

BP907-143S 

+  45 

2 

BP907-143S 

+4  5 

2 

5-B1-4 

1002S 

+45 

4 

2.05 

BP907-143S 

+  45 

2 

BP907-143S 

+  45 

2 

5-B1-6 

1002S 

+  45 

4 

2.13 

BP907-143S 

+  45 

2 

BP907-143S 

+  45 

2 

5-B1-8 

1002S 

+45 

4 

2.08 

BP907-143S 

+  45 

2 

BP907-143S 

+45 

2 

5-B1-10 

1002S 

+  45 

4 

2.09 

BP907-143S 

+  45 

2 

BP907-143S 

+  45 

2 

5-B1-12 

1002S 

+  45 

4 

2.08 

BP907-143S 

+  45 

2 

BP907-143S 

+  45 

2 

5-C2-1 

1002S 

+  45 

4 

2.18 

BP907-143S 

+  45 

2 

BP907-143S 

+  45 

2 

5-C2-3 

1002S 

+  45 

4 

2.20 

BP907-143S 

+  45 

2 

BP907-143S 

+  45 

2 

5-C2-5 

1002S 

+  45 

4 

2.09 

BP907-143S 

+  45 

2 

BP907-143S 

+  45 

2 

5-C2-7 

1002S 

+  45 

4 

2.22 

BP907-143S 

+  45 

2 

BP907-143S 

+  45 

2 

5-C2-8 

1002S 

+  45 

4 

2.19 

BP907-143S 

+  45 

2 

BP907-143S 

+45 

2 

5-C2-9 

1002S 

+  45 

4 

2.17 

BP907-143S 

+  45 

2 
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TABLE  XVI.  CONTINUED 


Specimen 

Number 

Face 

Material 

NONWEATHERED 

Fiber 

Orientation 

(Degrees) 

Number 
of  Plies 

Average* 
Modulus 
(10^  psi) 

6-1 

BP907-143S 

+  45 

2 

2.18 

6-3 

BP907-143S 

+  45 

2 

2.24 

6-5 

BP907-143S 

+  45 

2 

2.16 

6-7 

BP907-143S 

+  45 

2 

2.21 

6-8 

BP907-143S 

+  45 

2 

2.18 

6-9 

BP907-143S 

+  45 

2 

2.18 

BP907-143S 

+  45 

2 

2.25 

6-11 

BP907-143S 

+  45 

2 

2.12 

6-12 

BP907-143S 

+  45 

2 

2.24 

TABLE  XVI.  CONTINUED 


120°  WEATHERED 


Fiber 

Average* 

Specimen 

Face 

Orientation 

Number 

Modulus 

Number 

Material 

(Degrees ) 

of  Plies 

(106  psi) 

1-A2-3 

XP251S 

0 

4 

7.77 

1-A2-5 

XP251S 

0 

4 

7.74 

1-A2-7 

XP251S 

0 

4 

7.45 

1-B1-11 

XP251S 

0 

4 

7.97 

1-B2-7 

XP251S 

0 

4 

8.15 

1-B2-9 

XP251S 

0 

4 

7.74 

l-Cl-10 

XP251S 

0 

4 

7.33 

1-C1-12 

XP251S 

0 

4 

7.78 

1-C2-8 

XP251S 

0 

4 

7.18 

2-A1-6 

XP251S 

0 

4 

7.33 

2-A1-9 

XP251S 

0 

4 

7.94 

2-A1-13 

XP251S 

0 

4 

8.30 

2-B1-9 

XP251S 

0 

4 

7.71 

2-B1-12 

XP251S 

0 

4 

8.20 

2-B2-5 

XP251S 

0 

4 

7.99 

2-C2-4 

XP251S 

0 

4 

7.76 

2-C2-8 

XP251S 

0 

4 

6 .96 

2-C2-12 

XP251S 

0 

4 

7.72 

3-A1-11 

1 BP907-143S 
IXP251S 

+  45 
+  45 

2  1 

2  [ 

2.51 

3-A1-13 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.44 

3-A2-9 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.58 

3-B1-11 

BP907-143S 

+  45 

2 

2.48 

XP251S 

+  45 

2 

3-B1-13 

BP907-143S 

+  45 

2 

2.58 

XP251S 

+  45 

2 

3-B2-9 

BP907-143S 

+  45 

2 

2.56 

XP251S 

+  45 

2 

3-C2-2 

BP907-143S 

+  45 

2 

2.75 

XP251S 

+  45 

2 

3-C2-4 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.84 

3-C2-6 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.93 

4-A1-7 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.65 

4-A1-9 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.62 

4-A2-9 

BP907-143S 

+  45 

2 

2.35 

XP251S 

+  45 

2 

4-B2-8 

I BP907-143S 

1 XP251S 

+  45 
+  45 

II 

2.88 

154 


TABLE 

XVI.  CONTINUED 

120 

0  WEATHERED 

Fiber 

Average* 

Specimen 

Face 

Orientation 

Number  Modulus 

Number 

Material 

(Degrees) 

of  Plies  (106  psi) 

4-B2-10 

BP907-143S 

+  45 

2 

2  84 

|  XP251S 

+  45 

2 

4-B2-12 

BP907-143S 

+  45 

2 

2  76 

XP251S 

+  45 

2 

4-C2-1 

BP907-143S 

+  45 

2 

2  78 

XP251S 

+  45 

2 

4-C2-3 

BP907-143S 

XP251S 

+  45 
+45 

2 

2 

2.76 

4-C2-5 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.80 

BP907-143S 

+  45 

2 

5-A1-10 

1002S 

+  45 

4 

2.17 

BP907-143S 

+45 

2 

BP907-143S 

+  45 

2 

5-A1-11 

1002S 

+45 

4 

2.17 

BP907-143S 

+  45 

2 

BP907-143S 

+  45 

2 

5-A2-11 

1002S 

+  45 

4 

2.18 

BP907-143S 

+45 

2 

BP907-143S 

+  45 

2 

5-B2-3 

1002S 

+  45 

4 

2.09 

BP907-143S 

+45 

2 

BP907-143S 

+  45 

2 

5-B2-5 

1002S 

+  45 

4 

2.09 

BP907-143S 

+  45 

2 

BP907-143S 

+  45 

2 

5-B2-7 

1002S 

+  45 

4 

2.20 

BP907-143S 

+  45 

2 

BP907-143S 

+  45 

2 

5-C2-2 

1002S 

+  45 

4 

2.24 

BP907-143S 

+  45 

2 

BP907-143S 

+  45 

2 

5-C2-4 

1002S 

+  45 

4 

2.22 

BP907-143S 

+  45 

2 

BP907-143S 

+  45 

2 

5-C2-6 

1002S 

+  45 

4 

2.24 

BP907-143S 

+  45 

2 
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TABLE 

XVI.  CONTINUED 

ARTIFICIALLY  WEATHERED 

Fiber 

Average* 

Specimen 

Face 

Orientation 

Number  Modulus 

Number 

Material 

(Degrees) 

of  Plies  (106  psi) 

1-B3-8 

XP251S 

0 

4 

8.02 

1-B3-10 

XP251S 

0 

4 

7.70 

1-B4-2 

XP251S 

0 

4 

7.83 

1-B4-6 

XP251S 

0 

4 

8.01 

1-B4-8 

XP251S 

0 

4 

7.86 

1-B4-10 

XP251S 

0 

4 

8.70 

2-B3-1 

XP251S 

0 

4 

8.60 

2-B3-9 

XP251S 

0 

4 

7.48 

2-B4-1 

XP251S 

0 

4 

8.49 

2-B4-4 

XP251S 

0 

4 

8.48 

2-B4-10 

XP251S 

0 

4 

8.11 

2-B4-12 

XP251S 

0 

4 

8.10 

3-B3-1 

BP907 

XP251S 

+  45 
+45 

2 

2 

’  2.73 

3-B3-5 

BP907 

XP251S 

+  45 
+45 

2 

2 

2.89 

3-B3-7 

BP907 

XP251S 

+  45 
+  45 

2 

2 

2.83 

3-B4-4 

BP907 

XP251S 

+  45 
+  45 

2 

2 

2.79 

3-B4-10 

BP907 

XP251S 

+  45 
+45 

2 

2 

2.88 

3-B4-12 

BP907 

XP251S 

+  45 
+45 

2 

2 

3.00 

4-B3-1 

BP907 

XP251S 

+  45 
+  45 

2 

2 

2.92 

4-B3-7 

BP907 

XP251S 

+  45 
+  45 

2 

2 

2.85 

4-B3-8 

BP907 

XP251S 

+  45 
+  45 

2 

2 

2.77 

4-B4-1 

BP907 

XP251S 

+  45 
■■y  +45 

2 

2 

2.94 

4-B4-5 

BP907 

XP251S 

+*45 
+  45 

2 

2 

2.85 

4-B4-9 

BP907 

XP251S 

+  45 
+  45 

2 

2 

2.88 

BP907 

+  45 

2 

5-B3-8 

1002S 

+  45 

4 

2.07 

BP907 

+45 

2 
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TABLE  XVI.  CONTINUED 


ARTIFICIALLY  WEATHERED 


Fiber  Average* 

Specimen  Face  Orientation  Number  Modulus 

Number  Material  (Degrees)  of  Plies  (10^  psi) 


BP907 

+  45 

2  1 

5-B3-12 

1002S 

+  45 

4 

2.22 

BP907 

+45 

2  J 

BP907 

+  45 

2 

5-B4-1 

1002S 

+  45 

4 

2.41 

BP907 

+  45 

2 

BP907 

+  45 

2 

5-B4-7 

1002S 

+  45 

4 

2.24 

BP907 

+45 

2 

BP907 

+45 

2 

5-B4-10 

1002S 

+  45 

4 

2.21 

BP907 

+  45 

2 

BP907 

+  45 

2 

5-B4-12 

1002S 

+45 

4 

2.28 

BP907 

+  45 

2 
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TABLE  XVI.  CONTINUED 


120°F  WEATHERED 

AND  ARTIFICIALLY 

WEATHERED 

Fiber 

Average* 

Specimen 

Face 

Orientation 

Number  Modulus 

Number 

Material 

(Degrees) 

of  Plies  (lO^  psi) 

1-B3-6 

XP251S 

0 

4 

7.56 

1-B3-12 

XP251S 

0 

4 

8.27 

1-B4-4 

XP251S 

0 

4 

8.46 

2-B3-3 

XP251S 

0 

4 

8.32 

2-B3-6 

XP251S 

0 

4 

7.61 

2-B4-7 

XP251S 

0 

4 

8.28 

3-B3-3 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.92 

3-B4-1 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.98 

3-B4-7 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.95 

4-B3-4 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

3.05 

4-B4-3 

BP907-143S 

XP251S 

+  45 
+  45 

2 

2 

2.90 

4-B4-7 

BP907-143S 

XP251S 

+  45 
+45 

2 

2 

3.12 

BP907-143S 

+  45 

2 

5-B3-6 

1002S 

+  45 

4 

2.23 

BP907-143S 

+45 

2 

BP907-143S 

+  45 

2 

5-B3-10 

1002S 

+  45 

4 

2.08 

BP907-143S 

+  45 

2 

BP907-143S 

+  45 

2 

5-B4-4 

1002S 

+  45 

4 

2.22 

BP907-143S 

+  45 

2 
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TABLE  XVII  . 

SPECIMEN  CONDITIONING  CATEGORY 

Nonweathered 

Tested  at  controlled  temperatures 
-6  5° F  ,  75  °F  ,  and  160°F 

Weathered 

Specimens  conditioned  in  a  condensing 
n?!odity  chamber  (100%  humidity)  at 

120  F  for  30  days  and  tested  within  30 
minutes  at  ambient  temperatures. 

Artificial 

Weathering 

1)  Specimens  exposed  to  artificial 
sunshine  (carbon  elements)  and  rain  in 

Atlas  Weatherometer  Chamber  for  300 
hours  and  tested  within  30  days  at 
ambient  temperatures. 

2)  The  amounts  of  exposure  for  a  300- 
hour  run  are  as  follows: 

Sun  Rain 

Extreme  41%  78% 

Low  26%  44% 

Average  33.5%  61.0% 

Natural 

Weathering 

Specimens  exposed  to  natural  climatic 
conditions  for  periods  from  6  months 
to  1  year  and  tested  at  ambient  tempera¬ 
tures. 
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Figure  79.  Specimens  to  be  Placed  in  Condensing  Humidity 
Chamber.  Edges  Were  Sealed  With  3  Coats  of 
Neoprene  Rubber  for  Prevention  of  Moisture 
Absorption  in  the  Core  and  Inner  Fiber  Glass 
Facings . 
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